BACKGROUND: Giant posterior communicating artery (PCoA) aneurysms (. 25 mm) are rare lesions associated with a poor prognosis and high rates of morbidity and mortality. OBJECTIVE: To review the clinical results of giant PCoA aneurysms surgically treated at our institution, focusing on operative nuances. METHODS: All cases of giant PCoA aneurysms treated surgically at our institution were identified from a prospectively maintained patient database. Patient demographic factors, medical comorbidities, rupture status, neurological presentation, clinical outcomes, and surgical records were critically reviewed. RESULTS: From 1989 to 2010, 11 patients (10 women) underwent surgical clipping of giant PCoA aneurysms. Presenting signs and symptoms included cranial nerve palsies, diminished mental status, headache, visual changes, and seizures. Five aneurysms were ruptured on admission. All aneurysms were clipped primarily except 1, which was treated by parent artery sacrifice and extracranial-to-intracranial bypass after intraoperative aneurysm rupture. Perioperative morbidity and mortality rates were 36% (4 of 11) and 18.3% (2 of 11), respectively. Excellent or good clinical outcomes, defined as modified Rankin Scale scores # 2, were achieved in 86% (5 of 6) of patients available for long-term clinical follow-up (mean, 12.5 6 13.6 months). CONCLUSION: Giant PCoA aneurysms are rare vascular lesions that may present with a variety of neurological signs and symptoms. These lesions can be successfully managed surgically with satisfactory morbidity and mortality rates. To the best of our knowledge, this is the largest surgical series of giant PCoA aneurysms published to date.
1
The natural history of giant aneurysms is poor, with estimated morbidity and mortality rates ranging from 68% to 80% with conservative treatment. 2, 3 For reasons yet to be elucidated, giant aneurysms involving the posterior communicating artery (PCoA) are particularly uncommon.
Drake's 4 original series of 174 giant intracranial aneurysms included only 7 aneurysms (4%) arising from the communicating segment of the internal carotid artery (ICA). Given the proximity of these lesions to critical neural structures, giant PCoA aneurysms can manifest with headache, cranial nerve (CN) palsies, sensorimotor disturbances, visual deficits, and seizure activity. 1, [5] [6] [7] We present our series of patients with giant PCoA aneurysms treated at our institution over the past 3 decades. We discuss surgical nuances and review perioperative clinical outcomes. maintained patient database. Patient demographic factors and neurological presentations, including aneurysm rupture status, were analyzed. Initial Hunt-Hess scores and Fisher bleeding patterns were determined for all patients who presented with ruptured aneurysms. Aneurysm size was determined by calculating maximal cross-sectional diameters from all available imaging studies, including conventional digital subtraction angiography, noncontrasted computed tomography (CT) scans of the head (in cases with significant aneurysmal calcification), magnetic resonance imaging scans (for giant aneurysms associated with significant thrombus), and CT or magnetic resonance angiography. All surgeries were performed by senior surgeons at our institution. Detailed chart reviews were performed to analyze each patient's hospital course and perioperative (30-day) outcomes. Longterm clinical follow-up was attempted for each patient through review of medical records and/or patient telephone interviews.
RESULTS
Eleven patients (10 women) underwent surgical treatment of a giant PCoA aneurysm during the study period spanning 1989 to 2010. Patient demographic information, aneurysm size, aneurysm laterality, rupture status, presenting Hunt-Hess score, initial Fisher grade, presenting neurological status, medical comorbidities, details regarding surgical intervention, hospital course, and discharge neurological status are presented in Table 1 . Three patients had CN palsies on admission. Patient 1 presented with an ipsilateral oculomotor palsy. Patient 2 suffered bilateral CN VI palsies after rupture of a giant right PCoA aneurysm that gradually improved after placement of an external ventricular drain to relieve hydrocephalus. Patient 8 presented with a CN III palsy and contralateral motor weakness from significant mass effect after undergoing 2 previous endovascular coiling procedures of a giant recanalized right PCoA aneurysm. New-onset seizures occurred in patient 5, and patient 6 presented with transient ipsilateral monocular blindness. Mean age at the time of treatment was 62.8 6 10.1 years. Mean aneurysm size was 30.9 6 7.8 mm.
Five patients (45%) presented with ruptured aneurysms. Mean Hunt-Hess scores and Fisher grades were 2.8 6 0.8 and 3.2 6 0.5 for patients presenting with subarachnoid hemorrhage. Four of these patients (80%) underwent placement of an external ventricular drain to treat hydrocephalus at the time of admission. One patient (case 2) required placement of a ventriculoperitoneal shunt for permanent diversion of cerebrospinal fluid. Most aneurysms were located on the left side (7 of 11, 64%).
All patients underwent primary clipping. Aneurysmorrhaphy with ultrasonic aspiration of thrombus was performed in 2 patients (patients 1 and 10) before primary clip reconstruction of the parent artery owing to significant thrombus and atherosclerotic debris along the aneurysm neck. Anterior clinoidectomies were performed in 3 patients (patients 5, 7, and 8) to improve visualization of the aneurysm neck and to augment the course of the supraclinoidal ICA to facilitate temporary aneurysm clip placement. One intraoperative rupture occurred at the time of clipping (patient 9) that necessitated sacrifice of the ICA after a radial artery bypass graft was placed. This case is illustrated below. Two patients with ruptured aneurysms (patients 4 and 8) developed symptomatic vasospasm. Both patients showed clinical improvement with hypervolemiahypertension-hemodilution therapy.
The perioperative mortality rate was 18.2% (2 of 11 patients). Both patients who died presented with ruptured giant PCoA aneurysms. On postoperative day 1, patient 4 developed significant thrombus in the ipsilateral ICA refractory to intraarterial recombinant tissue plasminogen activator and sustained a hemispheric infarction. The patient's family elected to withdraw care 2 days after surgery. Patient 8 developed multisystem organ failure from septic shock. Care was withdrawn on postoperative day 7. Four patients experienced perioperative complications that prolonged their hospitalization, yielding a morbidity rate of 36% (4 of 11). Patient 3 suffered pneumonia and an ipsilateral basal ganglia infarction after a near-drowning episode at the time of presentation. Because we could not definitively exclude surgery as a cause of the infarction, it was included as a perioperative complication. Three additional patients suffered medical complications, which included myocardial infarction (patient 2), gastrointestinal bleeding (patient 9), and pneumonia (patient 11).
Of the remaining 9 patients, 4 were discharged to a neurorehabilitation facility (3 ruptured aneurysms), and 5 were discharged home from the hospital. Long-term follow-up was available for 6 of the 9 surviving patients (67%; Table 2 ). The mean followup period for surviving patients was 12.5 6 13.6 months. At long-term follow-up, 5 patients (83%) had modified Rankin Scale scores # 2. Patient 10 had improved left-sided weakness but still required some assistance in performing activities of daily living (modified Rankin Scale score 3).
Surgical Nuances
All aneurysms were approached through a pterional craniotomy with significant drilling of the sphenoid ridge or through a modified orbitozygomatic craniotomy. The senior author has adopted the modified orbitozygomatic craniotomy almost exclusively for aneurysms of the anterior circulation because this approach improves visualization of the circle of Willis without the need for significant brain retraction. Despite the large size of the aneurysms in this series, retractors were used sparingly, as illustrated in Videos 1 and 2 (Supplemental Digital Content 1 and 2, http://links.lww.com/NEU/A469 and http://links.lww.com/NEU/A470). Similar to the surgical treatment of nongiant aneurysms, the basic tenets of aneurysm surgery should be followed during the treatment of giant aneurysms. Proximal and distal control of the parent artery is crucial when such daunting lesions are tackled. Despite the large size of the aneurysms in this series, anterior clinoidectomies were used in only 3 of the 11 cases (27.3%) because proximal control was readily achieved in most patients. Careful review of preoperative imaging studies is helpful in determining which patients may require removal of the clinoid process.
Identification of major arteries distal to the aneurysm origin, especially the anterior choroidal artery, is important before distal temporary aneurysm clips are applied. Ideal placement of a distal temporary aneurysm clip should preserve blood flow through the anterior choroidal artery to minimize the risk of ischemic complications to the basal ganglia and internal capsule. Temporary aneurysm clips were used in all 11 cases. Temporary clipping allows the aneurysm sac to deflate while the permanent aneurysm clips are placed. Before temporary aneurysm clips are applied, the patient should be under adequate burst suppression. Permissive hypertension typically is allowed during temporary clipping. If temporary clips cannot be applied, intravenous adenosine may be administered to achieve transient asystole and hypotension. Adenosine was not used in our series, although it has proved helpful during clipping of other complex intracranial aneurysms. Aneurysmorrhaphy was performed in 2 cases because of significant calcification of the aneurysm neck in combination with atherosclerotic disease. The senior author has had good success performing aneurysmorrhaphy with an ultrasonic aspirator. Thrombus and debris may be efficiently removed with ultrasonic aspiration until fresh blood is encountered near the neck of the aneurysm. In both cases in this series, permanent clips effectively occluded the aneurysm neck after ultrasonic aspiration. Intraoperatively, aneurysm occlusion and preservation of parent arteries can be confirmed with either indocyanine green (ICG) fluoroscopy or conventional digital subtraction angiogram. Given the rapidity of ICG, the senior author prefers ICG fluoroscopy over cerebral angiography. The major limitation of ICG fluoroscopy is the inability to see flow through vessels outside the microscope field.
Case Illustration 1
Patient 9 was a 71-year-old woman with a giant (26 mm) residual right-sided PCoA aneurysm. In 2008, she had undergone coiling of the aneurysm at an outside institution. Follow-up 1-year angiography revealed significant residual aneurysm filling. The patient then underwent stent coiling of the aneurysm at the outside institution in 2009 with suboptimal results. Several months after the stent coiling procedure, the patient was referred to our institution for surgical evaluation.
She had developed a right-sided CN III palsy and left-sided weakness (3/5 strength) related to coil mass effect on the ipsilateral cerebral peduncle ( Figure 1A ). Preoperative cerebral angiography showed significant residual filling of the aneurysm ( Figure 1B) with thrombosis of the aneurysm dome caused by coil compaction. The origin of the anterior choroidal artery was obscured by the coil mass.
The patient underwent a right-sided modified orbitozygomatic craniotomy for clipping of the residual aneurysm (Video 1, Supplemental Digital Content 1, http://links.lww.com/NEU/A469). Proximal and distal control of the parent ICA was obtained. The endoluminal stent with associated atherosclerotic disease within the ICA was visible ( Figure 1D ). On placement of a 5-mm permanent clip across the neck, a tear occurred on the ventral surface of the ICA. Temporary proximal and distal ICA clips were applied to stop the bleeding. Cotton was used to reinforce the parent artery tear. Despite repositioning of the permanent clip, the tear could not be sufficiently occluded without compromising flow through the parent artery. Intraoperative ICG fluoroscopy during temporary clip occlusion of the distal right ICA demonstrated sufficient cross-filling from the left-sided anterior circulation into the right anterior cerebral artery territory. No significant filling of the right middle cerebral artery (MCA) territory was observed. Subsequently, the decision was made to proceed with a high-flow bypass to revascularize the right MCA territory. The left radial artery was harvested and used to perform an intracranial bypass between the cervical ICA and an M2 branch. The sylvian fissure was widely split to expose a robust M2 recipient branch for the bypass. Permanent aneurysm clips were applied along the proximal and distal portions of the ICA to occlude blood flow into the aneurysm. Fluoroscopy with ICG confirmed the patency of the radial artery bypass with filling of the right MCA territory that was further validated by intraoperative cerebral angiography ( Figure 1F ). The patient's postoperative course was uneventful except for a gastrointestinal bleed that required blood-product transfusion. She was discharged to a neurorehabilitation unit on postoperative day 11. At 1-year follow-up, the patient had improved neurologically with 4/5 strength in her left arm and leg. Cerebral angiography at that time confirmed patency of the radial artery graft with no residual aneurysm filling.
Case Illustration 2
Patient 10, a 50-year-old man with multiple medical comorbidities, including hypertension, hypercholesterolemia, type II diabetes mellitus, and morbid obesity, was found to have a giant (35 mm) left-sided PCoA aneurysm during an evaluation for headaches. The patient remained neurologically intact. A preoperative noncontrasted head CT confirmed significant calcification of the aneurysm neck (Figure 2A ). Cerebral angiography failed to demonstrate filling of the ipsilateral PCoA, which likely thrombosed secondary to altered hemodynamics and atherosclerotic debris ( Figure 2B) .
The patient underwent a left-sided modified orbitozygomatic craniotomy for clipping of the giant aneurysm (Video 2, Supplemental Digital Content 2, http://links.lww.com/NEU/A470). Proximal and distal control of the parent ICA was obtained. Aneurysmorrhaphy was performed with an ultrasonic aspirator after temporary clip ligation of the proximal and distal ICA just proximal to the origin of the anterior choroidal artery. Ultrasonic aspiration was performed until significant bleeding was encountered, indicating that the bulk of the atherosclerotic debris had been removed. A permanent clip was placed across the aneurysm neck without difficulty. Fluoroscopy with ICG confirmed occlusion of the aneurysm with preserved blood flow through the ICA and anterior choroidal artery. A postclipping CT angiogram of the head confirmed obliteration of the aneurysm and preservation of the ICA and its tributaries ( Figure 2C ). On postoperative day 5, the patient was discharged home neurologically intact. At the 2-month follow-up examination, the patient remained clinically stable with resolution of his headaches.
DISCUSSION
Giant aneurysms constitute a relatively small percentage of all intracranial aneurysms. They may occur anywhere along the intracranial circulation and more commonly affect the supraclinoidal ICA, MCA, and vertebrobasilar arteries. Giant PCoA aneurysms are rare because aneurysms in this location typically rupture or present with clinical symptoms before attaining giant status. Patients may present with a variety of signs and symptoms related to mass effect on critical neurological structures. "True" PCoA aneurysms, those that arise from the PCoA itself without direct origin from the ICA, are estimated to constitute , 4% of all intracranial aneurysm. 8 We believe that the actual incidence of these lesions is probably much lower than 4% given the senior author's vast cerebrovascular experience. Several groups have described surgical treatment of true PCoA aneurysms. To date, few case reports of giant PCoA aneurysms arising directly from the PCoA itself have been published. 8, 13 No true giant PCoA aneurysms were observed in our series. These aneurysms, which are typically fusiform in morphology, are exceedingly rare because they likely form after dissection of the PCoA.
Direct surgical clipping of the aneurysm neck with preservation of the parent artery is an accepted treatment method for giant intracranial aneurysms. After clipping, the aneurysm may be debulked to reduce symptomatic mass effect. Giant PCoA aneurysms are amenable to surgical intervention given their origin off the communicating ICA segment, which typically allows the surgeon to obtain adequate proximal and distal control of the parent artery. Careful preoperative planning is necessary to ensure operative success. A modified orbitozygomatic craniotomy improves visualization of the supraclinoidal ICA and can be further augmented by performing an anterior clinoidectomy. The exact origins of the PCoA and anterior choroidal arteries should be delineated preoperatively with either conventional cerebral angiography or CT/ magnetic resonance angiography. Aneurysms associated with significant atherosclerotic disease may have to be opened and debulked before final clip placement. Emergent bypass may be required when the ICA has to be sacrificed, as occurred in one of our patients (case 9) after intraoperative aneurysm rupture. Temporary cardiac arrest with hypothermic cardiac standstill or adenosine may be considered to aid in clip placement, although these measures were not required in this series, largely because temporary clips could be placed both proximally and distally to the aneurysm. After clip placement, perforating vessels should be inspected carefully as with all aneurysms.
Contemporary surgical series have demonstrated acceptable outcomes compared with the natural history of these lesions. Excellent or good clinical function has been observed in 61% to 87% of patients undergoing surgical treatment of giant intracranial aneurysms with perioperative mortality rates ranging from 5% to 22%.
3,14-20 Similar clinical results were achieved in our series. Both perioperative deaths occurred in patients with ruptured giant PCoA aneurysms.
Direct parent artery occlusion through surgical ligation or endovascular coiling may be considered for the treatment of giant intracranial aneurysms affecting the anterior cerebral circulation. Surgical ligation of the common or internal carotid arteries has been proven safe and effective for intracranial aneurysms in numerous studies, many of which were published before modern refinements in microsurgical technique and clip technology. [21] [22] [23] [24] This treatment modality relies on thrombosis of the aneurysm through altered intracranial hemodynamics. Before carotid artery ligation, the patient's tolerance of occlusion should be tested to reduce the likelihood of ischemic sequelae. Balloon test occlusion with provocative hypotensive challenge and single-photon emission CT is commonly used to evaluate patient tolerance of carotid artery sacrifice. Supplemental extracranial-to-intracranial bypass may be required for patients who fail physiological occlusion of the carotid artery. It is our institutional policy to attempt salvage of parent arteries supplying intracranial aneurysms whenever possible.
Salvage is particularly important for aneurysms along the distal intracranial internal carotid artery where the efficacy of carotid ligation decreases relative to aneurysms along the petrous, cavernous, and ophthalmic segments owing to potential collateralized blood flow. De novo aneurysm formation, estimated to occur in as many as 10% of patients, may also develop after carotid artery sacrifice as a result of altered hemodynamics. 25, 26 Parent artery ligation with supplemental extracranial-to-intracranial bypass was performed on patient 9 when a tear developed along the ventral surface of the carotid artery after initial clipping.
Endovascular therapy may be considered for giant intracranial aneurysms, although complication rates and the need for supplemental treatment are high. Early endovascular series reported morbidity and mortality rates up to 42% and 27%, respectively. [27] [28] [29] [30] [31] Despite innovations in endovascular devices and techniques, coil obliteration of giant aneurysms is fraught with high complication rates. In a series of 12 patients with giant intracranial aneurysms, Gruber et al 28 treated 3 giant PCoA aneurysms using endovascular techniques. Two aneurysms were coiled and 1 aneurysm was treated through ICA occlusion. The periprocedural mortality rate for these patients was 67%. The sole surviving patient experienced resolution of an oculomotor palsy at the 65-month clinical follow-up with angiographic recurrence of the aneurysm. In a recent series of 39 consecutive patients with giant intracranial aneurysms (10 ruptured) who were treated with endovascular techniques, the periprocedural morbidity and mortality rates were 32% and 16%, respectively. 32 Stent-assisted coiling was necessary to treat 25 aneurysms in this series. Cumulative morbidity and mortality rates were 26% and 29%, respectively, at a mean follow-up of about 25 months. No giant PCoA aneurysms were treated, although the study included 8 paraclinoidal aneurysms. On average, 1.9 treatment sessions were required to treat each aneurysm. Eight patients who tolerated balloon test occlusion underwent endovascular sacrifice of the proximal parent artery supplying the aneurysm. In our series, patient 9 underwent several unsuccessful endovascular procedures to obliterate her giant PCoA aneurysm. Despite stent-assisted coiling, the aneurysm continued to grow and eventually compressed her mesencephalon, resulting in contralateral weakness and an ipsilateral oculomotor palsy.
Recent innovations in endovascular devices have yielded flowdiverting stents such as the Pipeline Embolization Device (ev3, Plymouth, Minnesota) and Silk stent (Balt, Montmorency, France), which may be considered for the treatment of giant intracranial aneurysms. These devices promote stagnation, thrombosis, and eventual neointimal proliferation to occlude intracranial aneurysms. Combined data from recent published series detail the successful treatment of 40 giant aneurysms with flow-diverting stents (14 Pipeline and 26 Silk stents) with relatively low complication profiles. [33] [34] [35] [36] [37] [38] Most of the aneurysms in our series were treated before flow diverters became commercially available.
Flow-diverting stents have several limitations. Because prolonged antiplatelet therapy is required to prevent in-stent thrombosis, patients with subarachnoid hemorrhage may face increased risks of hemorrhagic complications after flow diversion. Second, the Pipeline device is approved in the United States only for large or giant wide-necked intracranial aneurysms arising from the petrous to superior hypophyseal segments of the internal carotid artery. Such restrictions do not apply to the Silk stent, which currently is not available in the United States.
CONCLUSION
This is the largest surgical series of giant PCoA aneurysms reported to date. Nonetheless, it is difficult to draw definitive conclusions from the relatively small sample size. The predominance of female patients in the series introduces the possibility that genetic or hormonal influences may allow these lesions to reach giant status, although it is widely known that PCoA aneurysms are more predominant in female patients. Limitations of this study include its retrospective nature and limited clinical follow-up. Considering the poor natural history of giant intracranial aneurysms, our experience suggests that PCoA aneurysms may be treated surgically with comparatively favorable morbidity and mortality rates.
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T he authors report a series of 11 patients treated between 1989 and 2010 by surgical approach for giant posterior communicating aneurysms. This is the largest series to date within the literature.
They have shown that surgery may be performed with acceptable morbidity and mortality in these challenging cases. These surgical techniques require a great amount of experience within the field of vascular neurosurgery, including the ability to perform extracranial-intracranial bypasses in an emergency.
Nowadays, thanks to the development of flow-diverter stents, there is a new and effective therapeutic option for giant aneurysms. Indeed, these aneurysms are very good candidates for flow diversion with or without partial coiling to avoid any delayed complication. More and more authors are reporting very good clinical and anatomic results with the use of this endovascular technique. Long-term follow-up is still needed to precisely define the place of this new option within the therapeutic armamentarium of intracranial aneurysms.
Last but not least, and despite major advances in microneurosurgical techniques and endovascular options for managing patients with giant aneurysms, one must remember that parent artery occlusion can also be performed after a test occlusion. This "simple" treatment has proved, over several decades, that it was safe, effective, and very stable over time.
Boris Lubicz
Brussels, Belgium G iant aneurysms continue to pose significant challenges for the neurosurgery community. Endovascular approaches have not provided any reasonable alternatives for dangerous microsurgical procedures. The advent of flow diverters may offer an acceptable endovascular approach for giant carotid aneurysms, but definitive confirmation of efficacy and risk reduction is a work in progress. In the experience reported in this review, giant posterior communicating artery aneurysms were treated surgically with relatively high surgical morbidity of . 50%. The added risks of treating these aneurysms after failed endovascular treatment are highlighted in this experience. These 11 patients represent the authors' experience over the last 21 years. Much has changed over that time, and it is possible that present-day results might be better. In my experience, although surgical techniques have not changed dramatically, our results are better because of more careful patient selection. Direct clipping of giant aneurysms is generally pursued only in younger patients with favorable anatomy. With unfavorable anatomy and especially in older patients, proximal occlusion after trial balloon occlusion and extracranial-intracranial bypass may significantly reduce treatment risks.
Robert A. Solomon New York, New York T he pendulum has shifted significantly in the last decade to treat the aneurysms of all varieties with endovascular techniques. More recent introduction of flow-diverting stents in the treatment of giant aneurysms will definitely aid in their management. Despite these advances, we are not infrequently faced with the challenge of treating these giant and complex aneurysms surgically. Giant aneurysms of the posterior communicating artery are indeed uncommon, as demonstrated by the fact that these authors collected only 11 cases in 21 years. They have added to our understanding of surgical techniques in dealing with these rare but critical aneurysms. It is obvious that cerebrovascular surgeons need to maintain microsurgical skills and pass them along to the next generation to deal with such lesions. However, we need to keep in mind that the aneurysms with highly calcified wall pose significant difficulty in direct clipping. If there has been no hemorrhage or significant deficit, they could be left alone, as we have done in 2 cases with no changes on follow-up studies over quite a few years. Similarly, carotid occlusion also remains a viable option in patients who can tolerate a carotid occlusion test.
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